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- magnetlc tape for later analysis by a larger. .computer and
provides osc:llloscope displays of various 2-dimensional
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lates.
which

and plots certain one dimensional combination spectra
are of interest. Program options are controlled by
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I. BRIEF DESCRIPTION OF THE DATA BREAK CONTROL

Data from the pulse-height analyzers enter the interface through
the data break control which multiplexes 48 bits into four successive
computer words. The "ALERT PULSE" signals the computer when 48 bits
are waiting to be inputted. Words are stacked in a buffer region of
core whose origin and length are contolled by hardware switches. The
buffer region can be either 25610 (400s) or 512, (10005 ) words long.
If the length switches are set for a 256-word buffer then the origin
switches can be set for any of the locations 0000, 0400, 1000, ...,
T74L00. For a 512-word buffer the possible origins are 0000, 1000, 2000,
<esy TO00. The programs described in this report are written for .a
256-word buffer beginning in core location 1000. Switches are also
available for controlling the number of words per event and these can
be set for any of the numbers 1, 2, 3, or 4. These programs are
designed for 4 words per event. The 4 words are referred to in the
programs and in this report as words T, B, C, and D though occasion-
ally word T may also be referred to as word G or occasionally as word
A. As the L words for each new event come into the buffer, an address
counter is counted up by 4 so that the next event will occupy the next
4 words in the buffer. This address counter works in a circular
fashion so that it starts again at the beginning of the buffer when the
end of it is reached. To prevent the data buffer from filling up and
new events being written over old events which have not yet been pro-
cessed the data bregk contains an up-down counter which counts up the
new words coming in and can be counted down by the program as old words
are taken out of the buffer and processed. If the data rate becomes
fast enough that the data buffer fills up faster than the program can
empty it out then each time the buffer is completely filled with un-
processed data the up-down counter overflows and this condition stops
new data from coming in until some of the old data has been removed

and the up-down counter counted down by the program.

The following machine instructions are used for program control
of the data break:

BADCIR Break control ADdress counter CLeaR -- sets the address
counter to the address of the first word in the buffer
region so that the buffer will start at the position
given by the hardware switches.



BABLE Break enABLE in Break control -- enables the data break
and allows data to start coming in.

BDISARB Break DISABle in Break control -- disables the data
break and stops the data from coming in.

UDCIR Up-Down CLear -- clears the up-down counter and issues
an accepted pulse to the interface.

UDSOFL Up-Down counter Skip on OverFLow -- causes the computer
1o Sklp the next instruction if the up-down counter is
in the overflowed condition.

UDSUB1 Up-Down counter, SUB 1 -- subtracts 1 from the up-down

counter.

UDSUB?2 Up-Down counter, SUB 2 -- subtracts 2 from the up-down
counter.

UDSUB3 Up-Down counter, SUB-3 -- subtracts 3 from the up-down
counter.

All the circuits except for the address counter are reset by the POWER
CLEAR which accompanies the start switch on the computer and by the
clear signal generated by the UDCLIR pulse.

The four signals that the program is concerned with are denoted T,
B, C, and D. The B, C, and D signals are the digitized amplitudes of
the energy loss in a serles of 3 detectors in a telescope arrangement.
The incident particle first goes through B, then C, then D. It is
possible for the particle to stop in B or C or D but not to get through them
all. The electronics are set up so as to give a constant energy loss
per channel in each detector. Thus the sum of energy loss in the tele-
scope is B+ C + D. If only the first two detectors are penetrated,
D = O so that the total energy loss i1s just B + C. The T signal is
derived from the time that it takes for the particle to go from the
target to the B detector. This information is of interest only if the
particle stops in B so that signals are not available from C and D.
Figure 1 is a schematic diagram of the 48 bits of input. For each
12 bit word the first bit (labeled OV) is an overflow bit. The bits
labeled F1, F2, F3, etc are flag bits and the bits labeled D1, D2, D3,
etec are data bits. The flag bits serve the following purposes:

Fl1 -- a coincidence flag which is set to one if the particle goes

through the hole in the collimator and causes signals from
both the B and the C detectors,
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a coincidence flag which is set to one if the particle goes
through the hole in the collimator and causes signals from
the C and D detectors thus having passed through B and C and
into D,

a flag which the logic hardware sets to one for every event
8o that the programs can test that bit location in the data
buffer to tell whether or not an event has been inputted,

a pile-up indicator flag which is set to one whenever two or
more events are recorded within 30 microseconds of each other
and would cause an invalid signal,

an extra flag which does nothing at the present time but may
be used for some other purpose later,

a flag which is set to one for pulser events which are fixed
pulse-height pulses used for checking the stability of the
system.

II. OPERATING INSTRUCTIONS

The normal starting address is location 200. The operating pro-

cedure for a normal start is as follows:

Start in location 200 -- computer halts,

key in code word for ID record and hit continue -- computer
will write the ID record and halt again to give the operator
a pause to think things over or change his mind,

hit continue -~ computer will clear the two spectrum buffers,
initialize the overflow channel markers and halt again to

give the operator one last mament of reflection before letting
signals come in through the data break,

hit continue -- computer clears the data buffer and starts
teking date, writing the data on tape in 100G word records
and plotting or flickering data on the scope depending upon
which option is specified in the key switches.

Other permissable starting locations for the FLICKERS system are:

372

373

377

a restart which gives the same effect as the execution of

step three above,

a restart which flushes out the partially filled tape record
buffer and then continues normal program operation (if no
data is coming in then it simply keeps going through the

anti-freeze loop),

a restart which gives the same effect as the execution of

step 4 above,
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130

an entry for independently plotting the contents of the
spectrum buffers without data coming into the machine (the
option switches should be set for options 1 or 2 since

the other options would not be very interesting when no data

is coming in),

an entry for continuously displaying a diagonal line across

the scope for calibration purposes.

During execution the display option is determined by the contents of

the key switches. The following options are available:

does nothing;

continuously plots the contents of the B + C buffer which
contains the spectrum of the particles which are stopped
in the C detector;

continuously plots the contents of the B + C + D buffer which
contains the spectrum of the particles which are stopped in
the D detector;

flickers for each event 2C vs (C+D)/2 with 1023;, dots full
scale unless the event suffered one of the following dis-

qualifications:

a) overflow in C and/or D,
b) 2C and/or (C+D)/2 exceeded 10230,
¢c) flag 2 was O, i.e. no BCD coincidence,

d) flag 4 was 1, i.e. pile-up flag was on;

flickers for each event 2B vs (BH+C) with 1023;0 dots full
scale unless the event suffered one of the following disquali-

ficationss

a) overflow in B and/or C,

b) 2B or (B+C) exceeded 1023;0,

c) flag 1 was O or flag 2 was 1, i.e. No BC coincidence or
BCD coincidence as well as BC coincidence,

d) flag 4 was 1, i.e. pile-up flag was on;

flickers for each event 2(B+C) vs (B+C+D)/2 with 1023;, dots
full scale unless the event suffered one of the following

disqualifications:



a) overflow in B, C, or D,
b) 2(B+C) or (B+C+D)/2 exceeded 10230,
c) flag 2 was O, i.e. no BCD coincidence,

d) flag 4 was 1, i.e. pile-up flag was on;

6. flickers for each event 4T vs 2B with 1023, dots full scale
unless the event suffered one of the following disqualifi-

cations:

a) overflow in T and/or B,
b) flag 2 was 1 or flag 1 was 1, i.e. either BCD or BC

coincidence;
7. draws a box around the display area for scope calibration.

For the plotting options (l and 2) the vertical scale is controlled
by the typewriter. The operator should hit O to give full scale of
12710, 1 to give full scale of 2550, 2 to give full scale of 51l;,,

etc.

If an end of tape is encountered while the program is running the
computer will stop after writing the current record. There will still
be 14 feet of tape left and the operator should start at 200 and key
in & 7777 ID code in step 2 above. When the computer again halts at

the end of step 2 the operator can then remove the reel.

ITI. CORE STORAGE USED BY THE SUPER-FLICKERS SYSTEM

locations Contents

0010 -- 0012 Auto-index registers used by subroutine SAVED.

0020 -- 0062 Page O pointers and reference locations used for
addressing across pages.

0070 -- 0076  Subroutine COMAND.

0120 -- 0125 Independent plot routine (INDPIOT).

0130 -- 0135 Straight line scope calibrating routine (SCOPECAL).

0140 -- 0156  Subroutine BBIAS.

0170 -- 0176 Subroutine INIT.

0200 -- 0366  Main routine of SUPER-FLICKERS system (FLICKERS).

0372 -- 0377 Restart entry points and invariant return locations for
FLICKERS-

Ok0O -- 0472  Subroutine ERRCK.

0500 -- 0513  Subroutine SAVED.



0550 -- 0567  Subroutine BFCIR.

0600 -- 0760 The SYSPOP system of tape-popping routines (including
subroutine WRITE).

1000 -- 1377 Data Buffer.

1400 -- 1553 Subroutine FLIC, options 1-4.

1600 -- 1725 Subroutine FLIC, options 5-7.

1736 -- 1777 Subroutine ANTFRZ (the anti-freeze subroutine).

2000 -- 2174  Subroutine SPEC (including subroutines ADD1 and INCR).

2200 -- 2272  Subroutine INTPIT.

2376 -- 2575 Spectrum overflow buffer.

2576 -- 3575 Tape record buffer.

3576 -- 5576  B+C spectrum for particles that stop in the C detector.

5577 -- 7577 B+C+D spectrum for the particles that stop in the D

detector.

IV. PROGRAM DESCRIPTIONS
FLICKERS

FLICKERS is the main program of the SUPER-FLICKERS data acquisi-
tion system. It consists chiefly of a large loop which continually
scans the data buffer for new data, transfers any new data that it
finds to the tape record buffer, accumulates the spectrum of B+C for
those particles which stop in the C detector and the spectrum of B+C+D
for the particles which stop in the D detector, and jumps to the dis-
play routine (FIIC) to plot one of the spectrums or flicker the
signals for the event depending upon the option specified in the key
switches. In scanning the data buffer the program looks.at every fourth
location beginning with the first (location 1000) so that on a given
pass it is looking to see if there is a T signal for a new event. If
there is a new event then flag 3 (bit 3 of the T signal) will have been
set to 1 by the logic hardware when the event was inputted. The
program jumps to the anti-freeze subroutine (ANTFRZ) to check the flag.
If ANTFRZ finds that flag 3 is O then it returns control back to the
main program at a location that will send the main program back through
the same procedure as before, looking at the same location in the data
buffer, waiting for a new event to be inputted. If ANTFRZ finds that

flag 3 is 1 it returns control to the main program in a location where
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the program will process the new event. The main program will then
transfer the four words for the event to the tape record buffer, accumu-
late the event in the spectrum buffers, jump off to subroutine FLIC to
flicker the event if a flicker option is specified by the key switches
or refresh the plot of the spectrum if a plot option is specified, zero
out the T-signal in the data buffer, add 4 to the program parameter
(BMARK) which advances the scan through the data buffer so that the
next pass through the loop will look for the next event, and subtract

4 from the up-down counter. The program will then jump to the bias
checking routine (BBIAS) which checks all the events which stop in
detector B (i.e. all those events for which both flag 1 and flag 2 are
zero). If either flag 1 or flag 2 is 1 or if they are both O but the

B signal exceeds the bias then the return from BBIAS is to a location
which adds 4 to the program parameter EMARK so that the next event to
be inputted will be transferred to the next 4 locations in the tape
record buffer. If both flag 1 and flag 2 are O and the B signal wos
less than the bias then the return to the main program is to a location
at the beginning of the loop and EMARK is not advanced so that the next
event will be written over the event which was Jjust transferred to the
tape record buffer. 1In the former case (the more normal of the two),
after advancing EMARK the program then checks to see if the tape record
buffer has been filled up. If it has not been filled the program then
Jumps back to the beginning of the loop to start the whole process again.
If the tape record is full the program jumps to subroutine WRITE (one
of the subroutines in the SYSPOP tape system) to write the record on
tape. For every eighth record that it writes the program jumps to sub-
routine ERRCK which reads the record back and compares it with the con-
tents of the tape record buffer in order to check the operation of the

tape unit.

After writing the record on tape (and perhaps checking it) the
program clears the tape record buffer, sets EMARK to zero, Jjumps to
subroutine FLIC to flicker the last event processed or refresh the
spectrum plot (depending on the option specified in the key switches),
and checks to see if a new scaling constant for plotting has been typed
into the keyboard. If no new scaling constant has been typed in, it

returns to the beginning of the loop to start the process again. If
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a new scaling constant has been typed in, the program jumps off to sub-
routine COMAND to read it and store it away in the plotting routine

(INTPLT) before returning to the beginning of the loop.

There are several starting entries for FLICKERS which cause the
program to carry out various tasks before entering the main loop des-
cribed in the preceding paragraph. A description of these entries and

what the program does when they are used is given in section II.

ANTFRZ

ANTFRZ 1s the subroutine which FLICKERS uses to test a T-signal
location in the data buffer to see if it contains an event to be
processed. ANTFRZ is called with the contents of the T-signal location
in the AC. ANTFRZ checks the flag 3 position of this actual or poten-
tial T-signal. If it finds a 1 in this flag 3 bit then there is an
event to be processed and ANTFRZ returns to a location in FLICKERS which
starts the processing. If flag 3 is O then there is no event to be
processed and ANTFRZ counts up a counter which overflows on a count of
40,0003 and, if there is no overflow, returns to the main program at
the beginning of the main loop, first jumping to FLIC if a plot option
is specified in the switch register. If there is an overflow ANTFRZ
rings the bell on the teletype, resets the counter to 0 and returns
control to FLICKERS in a location which causes the program to clear the
data buffer and the tape record buffer before going back to the

beginning of the main loop.

INIT

INIT is a subroutine called by FLICKERS in the normal starting
procedure, before entering the main loop, to initialize the teletype
keyboard and the teleprinter and to set the scope to maximum brightness

level.

COMAND

COMAND is a subroutine called by FLICKERS when it receives a
signal typed in from the teletype keyboard. COMAND converts the signal

from an ASCII code to an octal integer and stores the result in the
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scaling constant location in the integrating plot routine (INTPILT). It

then returns control to the main program.

BBIAS

BBIAS is a subroutine which is called by FLICKERS to set a
threshold of acceptance for the events corresponding to particles which
stop in the B detector. If either flag 1 or flag 2 is 1 then the
particle penetrated to the C or D detector and BBIAS gives a normal
return to FLICKERS. If both flag 1 and flag 2 are O, the particle
stopped in the B detector and BBIAS checks the B signal against a
tolerance level which is set by a parameter in the program. If the B
signal exceeds the tolerance then BBIAS gives a normal return to FLICKERS
but if the signal does not exceed the bias then BBIAS gives a return
which skips the section of FLICKERS which advances the tape record buf-
fer marker EMARK so that the data for the next event will be written over
the data for the present event thus effectively discarding the current

event.

ERRCK

ERRCK is a subroutine called by FLICKERS to check every 8th
record which it writes on tape. ERRCK is called immedistely after the
record is written. It backspaces the tape over the record and then
reads the record comparing each word that it reads with the correspond-
ing word in the tape record buffer. If it detects a discrepancy between
the word on tape and the corresponding word in the buffer, or if it
detects a size error (the tape record being more than or less than 1000s
words ), or if it detects a parity error, then ERRCK prints an "E" on
the teleprinter before returning control to FLICKERS.

SAVED

SAVED is a subroutine called by FLICKERS to transfer the four
words for each event to the tape record buffer and to mask off the
flags from the four words and store the resulting "trimmed" signals
in locations on page O that can be easily referenced by other programs
in the system which need the trimmed signal (e.g. FLIC). SAVED uses
the auto-indexing locaticns 0010, 0011, and 0012 gand is called four
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times successively by FLICKERS, once for each word of the event. It

also uses locations 0047, 0050, 0051, ..., 0062 in the following manner:
Loc. Name Use
0047 TNAT Location for storing the untrimmed T signal,
0050 TMASK Mask for trimming the T signal (0377),
0051 TTR Location for storing the trimmed T signal,
0052 BNAT Location for storing the untrimmed B signal
0053 BMASK Mask for trimming the B signal (0377),
0054 BTR Location for storing the trimmed B signal,
0055 CNAT Location for storing the untrimmed C signal,
0056 CMASK Mask for trimming the C signal (1777),
0057 CTR Location for storing the trimmed C signal,
0060 DNAT Location for storing the untrimmed D signal,
0061 DMASK Mask for trimming the D signal (3777),
0062 DTR Location for storing the trimmed D signal.

The first time SAVED is called by FLICKERS, location 0010 should contain
BUFFAD-1 where BUFFAD is the address in the data buffer of the T signal
for the event being processed. Iocation 001l should contain TRBUFP+
EMARK-1 where TRBUFP is the address of the first location in the tape
record buffer and EMARK is the program parameter which gives the loca-
tion in the tape buffer for storing the T signal. Location 0012 should
contain TNAT-1 (OO46). SAVED uses location 0010 to pick up the T signal
from the data buffer and location 001l to store it away in the tape
record buffer. In the process the auto-indexing feature of these two
locations causes them to be incremented by 1 so that the next time SAVED

is called they are set to transfer the B signal, and the next time after

that they are set to transfer the C signal, and the last time they are
set to transfer the D signal. Similarly, each time it is called, SAVED
uses location 0012 to store the untrimmed signal, pick up the mask for
trimming the signal, and store the trimmed signal and in the process
the auto-indexing feature sets the location for the next signal. After
SAVED has been called four times successively the event will have been
transferred to the tape record buffer and locations 0051, 0054, 0057,
and 0062 will contain the T, B, C, and D signals trimmed of all the

flags for the event and ready to be used as such other programs in the
SUPER-FLICKERS system.
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BFCIR

BFCLR is a subroutine called several times by FLICKERS to clear
various blocks of core storage (e.g. the data buffer). The calling

sequence for BFCLR is:

JMS I BFCLRP

D.0.0.0.4

YYYY

(CONTINUE)
where BFCLRP is a location containing the address of the first location
of BFCLR (550), XXXX is the address of the first location in the block
to be cleared, and YYYY is the number of words to clear. When it is
called, BFCLR stores zeroces in the block specified in the calling

sequence and then returns control to the calling program.

THE SYSPOP TAPE SYSTEM

SYSPOP is a system of 4 subroutines for reading, writing, rewinding,
and spacing the magnetic tape. These 4 subroutines are called REWIND,
RECSKP, WRITE, and READ. At the present time the SUPER-FLICKERS system
uses only subroutine WRITE but all of them will be described here so they

can be used in future data acquisition programs.

REWIND is a subroutine which can be called to rewind the tape.
The calling sequence for REWIND is:
JMS I REWP
(CONTINUE )
where REWP is a location containing the address of the first location
in REWIND (0600). When it is called, REWIND waits until the tape is
ready, initiates the rewind, waits until the rewind is completed and

then returns to the calling program.

RECSKP is a subroutine that can be called to skip over a specified
number of records on the tape. It can skip either forward or backward
depending on the calling sequence which is as follows:

CLL (STL) /FOR SKIPPING FORWARD (BACKWARD)
JMS I RSKPP

.8.9.0¢

(CONTINUE )
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where RSKPP is a location containing the address of the first location

of RECSKP (0602), and XXXX is the number of records to skip. When it

is called, RECSKP waits until the tape is ready, skips the specified
number of records, stops the tape motion after the last record is skipped,

and returns control to the calling program.

WRITE is a subroutine which is called to write a continuous block

of storage as a record on tape. The calling sequence is:

JMS I WRITEP

X

YYYY

(CONTINUE)
where WRITEP is a location containing the address of the first location
of WRITE (O60L4), XXXX is the address of the first location to write
and YYYY is the number of words to write (the length of the record to
write). When it is called, WRITE waits until the tape is ready, writes
the block specified in the calling sequence as a record on tape, stops
the tape when the writing is finished, and checks to see if an End of
Tape was detected while writing the record. If no End of Tape was
encountered then it returns control to the calling program but if an
End of Tape was encountered then WRITE does not return to the calling

program but instead halts with 444k in the accumulator.

READ is a subroutine which can be called to read a record from

tape into a continuous block of storage. The calling sequence is:

JMS I READP

XX

YYYY

(CONTINUE)
where READP is a location containing the address of the first location
of READ, XXXX is the address of the first location to read into, YYYY
is the number of words in the record being read. When it is called,
READ waits until the tape is ready, reads the record into the storage
block specified in the calling sequence, checking for errors at the
same time, and if it successfully reads the record without any errors
it returns control to the calling program. If there is an error then

READ will give one of the following error stops:
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1. A stop with 7777 in the AC indicates a size error and means
that the record on tape was either larger than or smaller than
the number specified in the calling sequence,

2. A stop with 1111 in the AC means that the block of storage
specified in the calling sequence overlapped the top of core
(and among other things, this means that the RIM loader was
probably destroyed),

3. A stop with 2222 in the AC indicates a parity error.

Potential users of READ may want to change some of the error stops

described above so that the program tries again after failure.

All four of the subroutines described above use a subroutine called
READY to wait until the tape is ready. When it is called, READY continu-
ally looks at the "Transport is Ready" bit of the Tape Status Register
and when the ready condition is satisfied it returns control to the

calling program.

FLIC

FLIC is & subroutine called by FLICKERS to flicker the event cur-
rently being processed or to plot one of the spectrum buffers. The
present version of FLIC has 7 options corresponding to 7 different tasks
which FLIC can perform. When it is called,FLIC picks up the number in
the switch keys, masks it with the number 0007g and uses the result to
determine which option it performs. If the result is 0000, FLIC simply
returns to the calling program without doing anything. Options 1
through 7 are described below:

Option Action

1 Each time it is called with option 1 specified, FLIC
plots the next consecutive channel in the B+ spectrum
of particles which stopped in the C detector. Since the
derivative of the spectrum rather than the spectrum
itself 1s what subroutine SPEC accumulates in the spec-
trum buffer, FLIC jumps off to an integrating plot
routine (INTPLT) to compute and plot the channel. Since
it only plots one channel each time it is called, FLIC
must be called continually to maintain the plot of the

spectrum.
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Option 2 is a plot option Jjust like option 1 except that
it plots the B+C+D spectrum of particles which stopped
in the D detector.

When option 3 is specified, FLIC flickers the event cur-
rently being processed by the main program provided Flag
2 is 1 (i.e. the particle penetrated to the D detector).
It intensifies a spot on the oscilloscope screen whose
X-coordinate is (C+D)/2 and whose Y-coordinate is 2C.

If the particle did not penetrate to the D detector, or
if there is an overflow in C or D, or if either the X-or
Y-coordinate exceeds 1023.:0, FLIC returns control to

the calling program without plotting anything.

For option 4 FLIC flickers the events which stop in the
C detector. It intensifies a spot with X-coordinate
(B+C) and Y-coordinate 2B unless there is an overflow in
B or C or unless 2B or (B+() exceeds 1023,0 in which
case it returns to the calling program without plotting
anything. It also returns without plotting if Flag 1

is O (the particle did not reach the C detector), if
Flag 2 is 1 (the particle penetrated to the D detector),
or if the pile-up flag is on.

For option 5 FLIC flickers a spot with X-coordinate
(B+C+D)/2 and Y-coordinate 2(B+C) provided the particle
reached the D detector and provided there is no overflow
in B, C, or D. If the particle failed to reach the D
detector, or if there is an overflow in B, C, or D or if
either the ¥ or Y-coordinate exceeds 1023,0, or if the
pile~-up flag is on, then FLIC return to the calling
program without plotting anything.

Option 6 is an option for flickering the events for
particles which stopped in the B detector. If both Flag
1 and Flag 2 are O then FLIC will intensify a point with
X-coordinate 2B and Y-coordinate 4T provided there is no
overflow in B or T. If this last condition is not sat-
isfied then FLIC return: to the main program without

plotting anything.
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7 Option 7 causes FLIC to "draw" a box around the display

area so that the user can calibrate the scope.

SPEC

SPEC is the subroutine which 1s called by FLICKERS to accumulate
in the two spectrum buffers the derivatives of the two spectrums. The
derivatives rather than the spectrums themselves are accumulated since
a 12-bit word is not large enough to accomodate the number of counts
that will be accumulated in many of the channels during the course of
a run (the maximum number which can be expressed by 12 bits is 4095.0).
In accumulating the derivative of the spectrum it is necessary to store
in each channel location the difference between the number of counts
in that channel and the number of counts in the preceding channel.
Since this difference can be negative the numbers which are accumulated
must be thought of as signed integers. With a 12-bit word this would
normally allow the difference to lie anywhere between 2047,oand +2047;,,
but since in the peaks of the spectrum the difference between two
adjacent channels may exceed 201',78 in absolute value some provision
had to be made for channels which overflow in this manner. This was
done by reserving one bit in the word as an overflow indicator and this
left 11 bits for expressing the difference. Figure 2a is a schematic
diagram of the typical channel location which has not suffered an over-
flow. Bits 0-10 constitute the two's complement representation of a
number in the range between -1023;0 and 1023, inclusive. Bit 11 is
the overflow indicator bit and is equal to O for a channel difference
vhich has not suffered an overflow. To subtract one from the channel
difference one simply adds 7776 and to add one to the difference one
adds 0002. In both cases the overflow bit is left unchanged. If
the result of such a subtraction or addition ever produces 4000 as a
result then the subtraction or addition has caused an overflow and the
channel location becomes a overflow location. Figure 2b illustrates
such an overflow location. Bit 11 is set to one to indicate the over-
flow condition and bits 0-10 contain the address in the overflow
buffer of the low order word of a double precision pair of words in
which the overflowed channel difference is stored. The overflow buffer

is located in locations 2376-2575 and any number in this range is
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Db | De | Ds | D | Ds | D | D | Ds | Do | Dio| Dus | O
‘ 7 11

(b) 2 X Y Z
A__..__.__\ e N ~ e -~
Ay Ay As As Ay Ag Ag Ao Ays 1
0 2 3 L 5 6 7 8 9 10 11

2376 < 2XYZ < 2575

Fig. 2. Schematic Diagram of Typical Channel Locations in the
Spectrum Buffers when (a) the channel difference has

not overflown and (b) when the channel difference has
overflown.
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expressible in the ll'bits allotted. When SPEC is called it accumulates
the event currently being processed in the B+C+D buffer if Flag 2 is 1
end in the B+C puffer §f Flag 2 is O and Flag 1 is 1. If both Flag 1
and Flag 2 are 0 but the pulser flag is on then SPEC accumulates the
event in the B+C+D_buffer. .If both Flag 1 and Flag 2 are O and the
pulser flag is O aléo'then SPEC returns control to FLICKERS without
accumulating the event. SPEC also returns without accumulating if the
plle-up flag is on, if there is an overflow in B, C, or D or, in the
case where Flag 2 48 1, if (B+C+D)/2 exceeds 1777s. To do the actual
accumulating SPEC calls subroutine ADD1 which is described below.

ADD1

ADD1l is the subroutine called by SPEC to accumulate an event in
one of the spectrum defivative buffers. If the event is to be accumu-
lated in the B+C buffer then SPEC is called with the AC containing the
address in the B+C buffer of the channel location corresponding to the
channel being incremented. ADDl then adds 1 to that channel location
since the aQ@itibn of a count in that channel will increase its
difference from the preceding channel by one. ADDL also subtracts 1
from the succéeding channel location since adding a count to any channel
decreases by one the differenée between the succeeding channel and the
channel in question. If the event is to be accumulated in the B+C+D
buffer then ADD] is called with the AC containing the channel location
in the B4+C+D buffer bf»the channel being incremented. ADDl calls sub-
routine INCR to do the éctual adding and subtracting. It should be
noted that each of the two buffers contains 200ls locations and can
accomodate 2000 channel locations (the extra location in each case is
a dummy location at thé end of the buffer to give the program a location
to subtract from for counts which go into the highest channel). But
the quantities B+C and ﬁtC+D can exceed 2000s . Therefore the sums B+C
and B+C+D are divided by 2 to determine the actual channel numbers
used 1n the spectrum buffers.

INCR

INCR is the subroytine called by ADD1l to do the actual adding to
or subtracting from a given channel location. INCR is called with a
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program parameter (TEMP) containing the address in the spectrum buffer
of the channel location to be incremented or decremented. It is called
twice by ADD]1 -- the first time to add 1 to the channel location corres-
ponding to the channel receiving the new count and the second time to
subtract one from the succeeding channel location. The calling sequence
for adding 1 is:

JMS INCR

0002

(CONTINUE ),
and the calling sequence for subtracting 1 is:

JMS INCR

776

(CONTINUTE).
When it is called INCR checks to overflow bit of the channel location
and if it is not a overflow channel adds the increment (0002 or 7776)
and then if that did not cause an overflow it returns control to ADDI.
If adding the increment does cause an overflow then INCR stores the
overflowed result as a double precision channel location in the next 2
available words in the overflow buffer, stores the address of the low
order word of that double precision pair in bits 0-10 of the originsl
channel location, sets the overflow bit (bit 11) of the original
location to 1 and returns control to ADD1. If the channel location
was already an overflow location when INCR was called then INCR adds
the increment to the double precision locations in the overflow buffer
whose low order address is specified in bits 0-10 of the channel loca-
tion and then returns control to ADDl1. Users of the FLICKERS system
should keep in mind that the overflow buffer contains 200 locations
and hence can accomodate only 100z overflows. There is no pravision
in INCR for checking the number of overflows and it is conceivable that
if a spectrum were especially jagged and if the experimental run were
long enough then the overflows might overflow the overflow buffer and
INCR might start using locations in the tape record buffer (which follows
the overflow buffer in core) as overflow locations. The guiding
philosophy in writing INCR was that such an occurence was very unlikely
in a normal experimental run but a dubious user might want to build
some protection for the tape buffer into INCR. This might possibly
be done by just keeping a count of the overflows and stopping the

program when the count reaches 100s .
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INTPLT

INTPLT is a subroutine called by FLIC to integrate the derivative
of the spectrum stored in one of the spectrum buffers and to plot the
spectrum thus obtained on the oscilloscope. INTPIT must be called once
for each channel that it plots. Therefore it must be called continuously
to maintain a plot of a spectrum. INTPIT should be called with the AC
containing the beginning address of the buffer being plotted. INTPLT
adds to this address a program parameter COUNT to get the address of
the channel to be plotted. Each time it is called INTPLT uses COUNT
to determine the X-coordinate of the plot (the channel number) and the
location in the spectrum buffer of the channel location corresponding
to that channel. It also increases COUNT by 1 so that the next time it
is called it will plot the next channel. Whenever COUNT reaches 2000s
(10245 ) INTPLT sets COUNT back to O to begin the next sweep through
the buffer and across the scope. As it sweeps through the buffer INTPLT
maintains a double precision sum of all the channel differences that
went before and hence has the contents of the channel currently being
plotted. Thus any time INTPLT is called this double precision sum will
contain the number of counts in the last channel plotted and INTPLT
will add to this the channel difference corresponding to the next
channel in the buffer. The result is just the number of counts in the
channel currently under consideration and INTPLT uses this, subject
to scaling by a scaling constant, as the Y-coordinate of the plot.

When the end of a sweep is reached INTPIT sets the double precision sum

to 0 for the next sweep.

INDPLOT

INDPLOT is an independent program which can be used to plot a
spectrum when nothing else is happening. It consists simply of a loop
which continually calls FLIC and jumps to COMAND to pick up any new
scaling constant that might be typed in by the user.

SCOPECAL

SCOPECAL is an independent program which continually plots a

diagonal line which can be used in calibrating the scope.




23

ORNL DWG 67-6h07

i ———
Normal edtry‘\
to loop / no new scale const.
-, ~ e v e gl e ) o

> S
BABLE

: new _scale
gizk up next T-location x cons tant

_ Loc.BMARK of data buffer

no new_event // no new event

& FLIC option > 2 ANTFRZ % FLIC option < 2
nev | event

Transfer the event to the
tape record buffer and
accunulate the event in
the spectrum buffers.

|

Store 0000 in the T-location
EMARK=( BMARK+4 )A(0377) i
Subtract 4 from Up-Down
counter
Flag 1 = O,
Flag 2 = O,
& B < bias BBIAS
either Flag 1 or Flag 2 = 1
or if both = 0, then B = bias
| EMARK = EMARK + b |
No tape Yes Write the record on tape
-~ record buffer | Clear the tape rec. buffer}l I FLICP
full EMARK = O

Fig. 3. Abbreviated Flow Diagram of Main
Loop in FLICKERS (does not show
the overflow branch from ANTFRZ).
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500

(SAVED)

/

. ...50L1_. _,_L__,.._u_.___.
C(Loc.10)=C{Ioc.10)+1
TEMP=C[ Addr(Loc.10)]
i.e. picks up signal
and stores it in TEMP

503

C(Loc.11)=C(Loc.11)+1
TEMP—C[ Addr(Loc.11)]
i.e. stores the signal
in tape record buffer

505

C(Loc.12)=C(Ioc.12)+1
TEMP-C[ Addr(Loc.12)]
i.e. stores the
untrimmed signal on

page O

207

C(Loc.12)=C(Loc.12)+L
AC=(TEMP )AC[Addr(Loc.12))
i.e. mask out the flags
from the signal with the
corresponding mask on

page O

511

C(Loc.12)=C(Loc.12)+1
Ac—C[Addr(Loc.12)]
i.e. store the trimmed
signal on page O

512

RETURN
(SAVED)

ORNL DWG 67-6L411

SAVED I3 CALLED 4 TIMES SUCCESSIVELY
FOR EACH EVENT. THE FIRST TIME IT
IS CALLED, THE AUTO-INDEXING LOCA-
TIONS 10, 11, 12 WILL HAVE CONTENTS
AS FOLIOWS:

C(Loc.10) = BUFFAD-1
where BUFFAD is the address in
the data buffer of the first
(T) signal for the event.

C(Loc.11) = TRBUFP+EMARK-1
where TRBUFP+EMARK is the
address in the tape record
buffer for the signal.

¢(Loc.12) = TNAT-1
where TNAT is the address on
page zero of the first location
in the following block
(Locs. 47-62)

47, TNAT = Loc. for storing
untrimmed T-signal

50, TMASK = Loc. of mask for
trimming T-signalk

51, TTR = Loc. for storing
trimmed T-signal

52, BNAT = etc.,

53, BMASK = ete.,

54, BIR = etc. for B-signal,

55, CNAT = and

56, CMASK = for

57, CTR = C-signal,
60, DNAT = and

61, DMASK = for

62, DIR = D-signal.

Fig. 7. Flow Diagram for SAVED
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ORNL DWG 67-6412

550

o)

251

ADDR = C[Loc.(BFCLR)]
BFCIR = BFCLR+1

COUNT = -C[ Loc.( BFCIR)]
BICIR = ‘BFCLR+1

i.e. Store first argu-
ment of calling
sequence in ADDR, store
negative of second
argument in COUNT and
set up return address
in BFCIR.

LOOP, 561 7
Loc.(ADDR) = 0000

Fig. 8. Flow Diagram for BFCIR
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ORNL DWG 67-6420

120 SCOPECAL

Initializef Scope to
Maximum Brightness

130
— Initialize Scope to
Medium Brightness
Flicker X = C(AC
<_']MS I FLI@ Y = c(Acg
on scope
122
- Flag = 0 135
F/ :
123 -
Flag = 1
124
(M5 T COMAND)
otk
125

Fig. 16. Flow Diagram for INDPLOT and
SCOPECAL
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/  FLICK:RS == WR{TES TAPE, FLICKERS, AND DERIVATIVE STHRAGE

"] PEK4ANENT SYMHULS

ERNCKP

/
*20
20 {00 DRUFP, 1000 / IST LAC, mF DATA RUFFER (400m8 WORDS)
21 3876 DSPECP. $576 /1ST LAC, AaF 3+C SPECTRUM FHR PAKTICLES THAT STOP IN C.
22 5877 ESPECR, 55377 /15T LOC. BF R+C+D SPECTRUM FHBR PARTICLES STOPPING IN D,
28 2%/~ TRBUFPs 2576 / (ST (rC, AF TAPF RECORD BUFFER (i000-4 WERDS)
24 Sgn SAVED, 25p0 /ST LBC, AF DATA TRANSFER RHUTINE
2> E01 KEWP, 630 ZiST 1LBC, OF ReWIND ROUTINE
26 €7  RSKPH, 602 71ST LBC, BF RAECORD SKIPPING RBUTINE
el Fu4 WIITED, AQ4 /lST LOC. BF RECORD WRITING RBUTINE
8y 23/6 BVRFLP, 2376 /ST LOC, IN_AVERFLOW BUFFER R R
| 0k READP, 606 /ST Lec, aF RECORD READING ROUTINE ~
3e 3 DIMMY |, 3000
4 0 DUMMY 2, A000
34 NEXTHI, 2000 /ADNR, 16 BE HI=ORDER WORD 6F NEXT GVERFLOW CHANNEL
85 ¢ NEXTLA, 2000 /ADDK., T8O BE LO=BRDER WORD 6F NEXT OVERFLOW CHANNEL
86 Sop  BFCLK2, 9550 /ST LAC, IN BUFFER CLEARING ROUTINE
$7 1450 P_BTP, 14p0 / ISTLAC, IN PLOT PACKAGE
40 g DJUMMY7, 3000
4t 4197) ERRCKP, 34790 / (ST L8C., nF ROUTINE T6 CHECK FOR TAPE FRROR
42 ¢ BMARK, 1000 / INDEXING PARAMETER FOR DATA BUFFER
43 2235 SCALER, 2235 /SCALE FACTAR FOR INTEGRATING PLOT ROUTINE
44 70 CHMAND, 70 ___/1ST LBC._AF COMMAND ROBUTINE =
45 20p0  SPECP, 2000 / )ST LBC, IN SPECTRUM ROUTINE
46 2204y INTPLT., 22p0 /18T LBC, IN INTEGRATING PLOT ROUTINE
47 J  TNAT, 0 /L.0C, FAK UNTRIMMED T~SIGNAL
50 377 TMASK, 0377 /  MASK F@R TRIMMING T~SIGNAL
5 ¢ TTR, 0 / LOBC, FOR TRIMMED T-SIGNAL
52 ) BNAT, 0 /ETC.., o o
53 377 BMASK, 1377 / ETC..,
_Ba Yy BTR, 0 / EY". FOAR B=SI1GNAL
bb i CNAT, 0 /
56 |777 CMASK, 1777 /
57 n CTR, 0 / AND FAR C=STGNAL
60 . DNAT, 0
61 3777 DMASK, 4777 /
62 9 DTR, 0 / AND FBR D=S]GNAL
SYMEOL TANLE
BFCLRP 36
BMARK _ 42 — L e
BMASK 53
BNAT 52
HTk 54
CMASK 56
CNAT 55
___CAMAND 44 . .
CTh 57
D8P 20
DMASK 61
DNAT 60
DSFECP 2\
e DYK 62 o B B o
prsty | 82
Dty 2 $3
DMy 7 40



ESFECP
INTHLT
NEXTHI
NEXTLA
BVRELP
FLOTP
ReEabF
_RERP
RSAFF
SAVEL
SCALESH
SPLCP
TMASK
_INAT
TRbBUFP
ITh
WRITEP

e7

DUFLICATE TAGS

—NONE_
UNDEF INEL SYmBOLS

NONME

38
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/7 CANMMAND RBUTINE FAK SCALE CHANGING

/
*70
/
SCALER=4
/
U COMAND, 000 . e
71 o0$¢ rRi /READ SCALE CONSTANT FRAM KEYRGARD
72 7041 ClA
78 1(Q7¢ TAD P27¢6
74 5443 HCA 1 SCALES /s DEPOSIT IN SCALE CONST, L#&C.
75 5a7q JMP 1 CEBMAND
76 zl6__P276, 226 e e
SYMBOL TAKLE
COMAND 70
paje 76
SCALEN 43
pUPtIeATE TGS ——— - — - - T e e e

NENE

UNDEF INEI) SYMBOLS

NONE
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o ZINDPLOT
y
/THIS PROGRAM ALLAWS INDEPENDENT PLOTTING WITH SCALE CHAMGE
FLICP=$7
CAMAND= 44
*)20
2y k077 _ NSg+d i
12l 4447 JMs 1 FLICP
22 6041 XKSF
128 5125 JmMe *2
124 4444 JMS [ CcOManD
125 5ied JMP 14
G B OL—TRRLE ~ o m e m e e m e el
COMAND 44
FLICP 37
DUPLICATE TAGS
NN e _

UNUEF INED SYMBOLS
NONE




/

(3COPECAL

41

/STRAIGHT LINE SUAPE CALIRRATION PROGRAM
Ta (10,8) N SCEPE GRATICULE

/SET DlagnAL LIWE TO RUN FROM (|, 1)

/FHR FLICKERS PICTURES

*130
130 _en7e _
181 7001
162 6053
183 6063
134 6054
185 5104

TTTSYEBOLYARLET T T T T

DUPLICATE TAGS

NIk

UNDEF INED SYMBOLS

IaC
XL
nyw
nix
JMP

NAKE

BEL LY S




*1490
B=eoHn
iiebby
HTRIKuzY 4
tad) no uRIAS, 2
141 |tYh TAD C
142 704 RAL
148 71710 SPa CLA
ls4  b)54 Jmp oK
145 1052 Tab 8
140 7Cu4 Ral
V47 77406 . . %PA GLA
150 5194 N I3
151 juva TAD BTR[M
192 1156 TaD MHIAS
s 77221¢C SMA CLA
154 214" 0K, 182 BHTAS
_._1b5 b®aep . _JupP _ 1 BHIAS .
[R-14) v M31AS, 0
SYMBOL TaBLE
B 52
BBIAS 140
_ BYRIM B4 __ .
c 55
MBIAS 156
oK 154

" DUPLICATE TA

42

/30145 AUTINE FUR FLIMIFATING TAPE FOR Te@-F EVENTS UNDER FIXED B1AS

GS

— NONE e
UNDEF INEDL SYMBOLS

NOME

/JPICK UP C FOR FLAG 2 -
/TEST FLAG 2
/JPICK Up B FOR FLAG

/TEST FLAGY . el e

/JMINUS BIAS [N CHANNELS

7SET Ta ZER® FGR NG BIAS, «(14(8) FOR 600 KEV
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FFLIUFERS
/

/ SukPR UPER VATA AUQUTZITION PHAGRAM WlTH POPPING TAPFS
/
UBUFF=zdn
DSPFCPsP,
ESFECPS2Y
TRBUFPEDS
SAVEDz24
WRITER=27
TNAT=47
BFCLRPS 6
,,,,, el L FLICH=SY
EQRCKP =4
BMARK=4?
SPECKESS
GHMAND= 44
ANTFRZE {736
fVRFLPS3:

NEXTHI®34

NEXTLA=35

BAlASR 147

/ ,

/O INJTIALIZATION PATCH

V70 v INIT, chpu
I71 6032 KCC
172 6046 TLS
178 6041 sy

176 5173 JMK e
17> 6ép77 [iSg+3
176 HEyy JME 1 INIT

(=)

0

2

/
/

*
200 7407 BEGIN, "RLY T TT/8Ter TFOR CADE wWORDTE HE KEYED INT
201 7zue CLa

20¢ leas TAD fRBUF P
203 3354 LCA ADDRZ
204 13%7 Y AD 0400
—_..28> 8353  ____hCa COUNT
B6 7era L7, Las 7 a
2t7  37na DCA 1 wDDRE
210 238L4 is WDLRZ
211 2253 15 VAUNT
212 5zu¢ JMP LP
S218 pe3 . _ AN _ TRBUr P
214 3z16 LA . +2
215 44.7 JMS 1 WRITLF  /WRITE THE TDENT. REC,
216 70\.5” PR
217 0w 1onoy
dell 74y2 HLT
ée L 7248 COINT, _ CLa _
2ed Nyt THD USKECP
2es  deyh ueca «*2
P54 bAdae JMS 1 uFCLKRP /CLFAR THE TWH SPECTRUM ®BUFFERS

ded 700 PR



2¢6 4002
287 oo
230 drad
2381 [IRY)
282  /CNt
238 3045
234 7402
.. _e82 A7y
246 171
237  jQ2y
28U 3747
241 444¢
242 700

_. 248 4D
244 3N4?
245> 61
246 614
247 basa
250 6312

e 22} 7200
202 Ineu
253 |ne?
2b4 3364
25 | 764
2b6  5é5H7
257 1246
200 7z4yp
261 |64
262 301U
265 724y
264 023
Q65 1365
206 301
267 | 364
270 3012
271 4424
272 4424

278 444
274 4474
275 4445
276 4447
2/7  Tzuy
330 4764

St (vaz

$U2  {35s
S el
$04  3ne?
30 614
06 6243
L9807 63483
S0 4140
S Szhe
Sle 1108
S tave
$14  3les
15 g3hx
sl6  BzZby
$1/7 Telt
Sel 102

4002
1AL
LUA
T4D
14C
LCA
HLT
RESTHT, JMS
LA
TAD
UCA
N
kR
c4n0
DCA
RADCLR
uhekk
JMP
L8P, bABLE
LA
TAD
TAL
LCa
THD 1
JMp
e AMTERZ
DATA, CLa LMA
TAD
DCA
CLA CMA
TAD

e e AAR

uCa
TAD
nCa
JMS ]
JMS ]
..M !
JMS ]
JMS 1
JHs
CLA
PCA 1
Y O
TAD
At
LCA
sD1SAR
ullSUR2
LLyUb2
JbS
JMP

[wl

TAD

_ PCA

15«

JMF

WU TE, CLA
TAY

OVRFLP
NEATHI
NEXTHI
KEXTL.8
INIT
URUFP

o+ 2
BFCLRP

MARK

'BFCLA
/START

"LBUFP

HMARK
BUFFAD
BUFFAD
o® |

BUFFAD
o

TRBUFP

_EMARK

b
L]STP
12
SAVED
SAVED

SAVED

SAVFD
SPECK
bLLICP

BUFFAD
BYARR
Logp4
MASK¢
HMARK

RbBTAS

LAuP

EMaRY
L0004
EMARK
COuUNT
[Walel

TREUFP

v

ZINTTIALI7E UVERFLOW CHANNEL MARKERS

/HIT CONTINUE TO TAKE DATA

/ZINITYALIZE DATA BUFFER TO ALL 0000

/aC LEFT CLEARED BY BFCLRP

ZINTTIALLZE BMARK T8 STEP THRU DATA BUFFER
/CLEAR HARDWARE

TAKIMG DATA

JEXAMINE CONTENTS OF LOC, BMaRK 0F DATA BUFFER
/ JUMP TU THE ANTIFREEZE PATCH

7USE AUTO-INDEX REGISTER 10, 11s72 7O TRANSFER ™ 7777
THE DATA FOR THE EVENT TA THE TAPE RECORD

GUFFER AND THE T,B8,C,D WHRDS AN PAGE ZERO

WHICH ARE USED TH TRANSMIT THE DATA TO THE
SPECTRUM ACCUMULATING ROUTINF,

NN N

/TRANSHER T=S1GNAL
BoS]GNAL
LC~-SIGNAL
D~S1GNAL

NN N

/EAK BR]AS TEST TH CANSERVF TAPE FOR Te8-F
/bB1AS SKIPS THIS IF B814AS IS OK
/**CHANGE TAD EMARK TA JwP | naP FOR NO TAPE

/SKIP WHEN TAPE BUFFER [S FULL

/1F 1AFE BUFFER FULL WRIYE A REC. AN TAPE
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YA Lt 1l '+ 2
$¢?2  44g7 JMs 1 WRITEFR -
Ses 7Ny 0Pk
$24 004 runo
Sed  Jzid t.l.a 1AL /CHECK EVERY 81H RECHRD FBR aN ERROR
326 [K-)) TAL CKCNT
se7 Ky atll MASK §
O IUNER A -3 T . LCa CKCNT SR
S8 1395 ; TAD CKCNTY
882  T4bt SHA
S33 444 JHS 1 LRRCRE
S$s6  7z.uu  TRFCLR, La . /ULEAR TAPE BUFFER AND INITTALIZE EMARK AND COUNT
Sub |0l AL TRELFP 7 TG STEP THRU IT
o836 sZ4p LECA  _ e¥2 P .
3387 4456 JMS 1 UFULKP  /AC LEFT CLEARED
d4U 7000 tPR
d41  Jcoo t6go
Sdz  336E 1.CA tMARR
348 |30 1AL Hp200
844 3353 o MCA  LBUNTY
345 4437 PLOT, JMS 1 kLICP
346 608 K SF /SKI1P [F MNgEW SCALE CONST, HAS BFEN TYPED IN
347  HIhy JMP k2
350 4444 JMS 1 CaMAnD ) )
35) 5z5¢ JMP LBeP
352 Q ADNR, 20n0 o e e e e
$53 v CAUNT, 000D
354 1 ADDRZ2, o000
359 u CKCNY, 000
356 4 L2004, 00D4
357 7400 M0400, 7400
360 2 L0002, c0Q2 e
361 7600 MQ0200, 7600
362 7 MASKI, coDp7
369 /7 MASKZ, 23727
364 N BUFFAD, n0gC
J65 0 EMARK, zopo
866 4k LISTR,  INAT=0
/
/
*372
/
372 5221\ JMP UANT
875 b7 FLUSh, _gMP _ WRITE . . . S
374 5z51 JMp l.aup
375 vzop JMp AT A
S76  B5i145 JMP FLOT
377 5235 JMp HESTKT
/
CSYMBOLTTARLE
ADLE 352
ALK 354
ANTE | Z 1786
BHIAS 140
BEGIN 201
bFLLKP 36
BMAKK 42
BUEF AU 64

CKLNT 355



carAND 44

. _ConY . 22!
COUNY 353
DATA 260
pBULEP 210
DSFECP 2l
EMAKRK 365

— . _kRELKP 41 _
ESHECP 22
FLICP 37
FLUSH 373
INTT 170
LouL2 367

... .Ludus 395
LISTP 366
LBGP 252
LP 206
mMOeu0 361
MO4L0 357

e _MASK) 362
MASKh2 363
NEXTHI $4
NEXTLS 35
OVRELP 31
PLET 345

o RESTRY __ 235 _ .
SAVED 24
SPELCP 45
THECLR 334
TNAT 47
TRUUFP 23

o WRITE 317
WRITEP 27
DUFLICATE TAGS
NONE

UNUEF INEL SYMBOLS
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C/EKRCK =« 4 KAUTINE TU CHFCk FOR TAPE ERRORS

.
/

1400
/
RSKPF=z6
READP=ZS |
e . .__TRBUEPERs . . - S
440 i ERRCK, *
431 4264 JMS HEADY
ne |zb6 1AD LOSIG /RACKSHACE HVER ONE RECORD
468 67107 [RE
404 6742 Tepl
__ A0S bze4 o dMW o em . - e e
46 b774 7887
407 4ze4 JMsS READY
410 1023 TAD TRBUFP
41 $z57 LCA KDADD
412 Jzeu TAD l.igog
R L S 4 1.5 (N ¢1.c 1. S e e
414 3zeo| pCa KDENT
415  jzep TAD L2570 /cane FOR READING
416 670,7 TIFH
417 6721 TSDF S
420 5217 JMp o=
421 Bzgé __JMP RDWORD e R
422 6722 RILOBP, TSSR
423 5Ze? JMP o )
424 672 TSDF
425 5z4| JMP ENDREC o
426 671% KNDWORD, TSKD
427 2261 1SZ2 _ RDCNT o
430 bzy? JMP » 42
431 5z%¢ JMP ERRBR  /S|ZE ERKAR
432 7041 ClaA
433  |€57 TAD 1 HDADD /COMPARE WORD READ FROM TAPE W1TH CORRESPONDING
434 744y SZA / WURD [N CORE T
438> SBzsp JMp ERROR / 1F THE Twﬂ_ﬁﬂﬁqs QO NQI_AGREE
436 2257 152 WDADD e e
437 5222 JHP Rpi.OGP
440 5zby JMp tRROR ZINITIAL ADDRESS ERROR
44| 6734 ENDREG, TSRS B
442 750 SHMA
448 5745 JMp S7ZCHK
434 5251 JMETT T T ERROR T /PARTYY ERROR T T o7 ) T
449 2Zod SZCHK, 15¢ KDCNT
446 5254 JMP LRRAR /512t ERKAR
447 5€0y JMP 1 ERRCK
450 7200 ERRAK, CLA
_oo.8bt jees o TAD 0 L030S - o - _
abe 6040 TSF
4bs  bHzhp JMp em
454  6CL4f rLs
ahhH  BEgn JMP 1 ERKCK
/
. 406 By L3510, 190 -
45/ RNADD, -
460 Ny L1700, 1240
46| v RDCNT, o
462 2870 L2876, 2370




409
o4
4¢5
460
an/
4/
471
4/¢

RN
leri
67354
/006
77y
beere
5¢64

L34nv,
READY,

SYMBSGL TaKLF

LNk EC
ERNLR
ERutih
Liotd
Lebig
LiIouo
L2570
ROApD
RDCNT

. ROLOOP

RITWBRD
REALP
REALY
RSKFPP
SZCHK
e _TREULP

44
400
450
463
456
460
462
457
461

.42 .

426
3
464
e6
445

DUPLICATE TAGS

NONE

UNDEF INEL SYMBOLS

—— NOME

~309

CLA
[5%S
T

SMA Ol A

JMP
JME

1

/ASCI]

=3
HRE WYY

48

CODE HAK E




/
/
/
/
/
/
I .
/
*500
500 I SAVEL, (00
SCL J41r Tap
Sy 3214 I'Ca
_...508 t¥y3 _TAD
5Ca 8411 LCa
505 |23 TAD
506 341 LCA
B/ 1313 TAL
51U 412 ANG
S 342 - “¥L£A_
512 5760 JMP
) /
519 6 TEMP, ¢0g
/
SYMBOL TAKLE
SAVED 500 B
TENFP 513
. DUPLICATE TAGS
NONE
——UNDEFIREDSTNEOLS —

NEONE

49

SAVFU == A SUBKHAUT[NE wHICH USES THE AUTO-INDEX REGISTERS |, 1,12 16

TRANSFER THE [iATA FUR AN EVENT FROGM DATA RUFFER TO TAPE'
RECORD BUFFER AND T8 FAUR WBRUDS AN PAGE 2RO (47,52,55,60)
USEU bY Tk SPECTHKUM ACCUMULATING RBUTINE,

THE PRAGRAM ALSH TRIMS THE WHORDS (47,52,55,60) WITH THE
MASKS [N (50,53,56,01) AND STORES THE TRIMMED WORDS IN
LOCATIENS (5],54,57562)

g
] [y /GET THE SIGNAL
TeMp
. Temp e
1 1) / STBRE IT IN TAPE RECHKD BUFFER T
TEMP
1 2 / STAKE IT ON PAGE ZERN
TEMP
1 2 /  MaASK THE SIGNAL
_ Y l2 __/ _AND STEBRE TRIMMED RESULT ON PAGE ZER® ALSO
T SAVED : T T e e
0
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¢ BFCLK =« A ROUTINE FOR CLFARING BUFFERS
/
/ CALLIML SEWUEMLE JMS | BFCLRP
/ XXXX /Z1ST LBC IN BUFFER
/ : XX XX /NO, WORDS IN HUFFER
/ (CANTINUE)
/
T Y T
/
5o o bBFCLKR, (0pU
591y Cl.a
Hbe 1757 TAD 1 BFCLK
- 5Hb8 It o bea ADDK
b4 23451 182 BFCLK
13- ] 175y YAD 1 BFCLK
556 7041 Cla
FLY Ky LGA COHUNT
BeU 2351 152 BFCL K JRETURN ADDKESS NOW IN HFCLR
e 301 3766 L0OP,  DCA ] ADDR_ I
Sbe 2366 182 ADDR
568 2167 162 CHUNT
504 56 JMP LOupP
56> 5751 JHP 1 HFCLK
966 t  ADDR, oo
—_— 567 L _COUNT, _c000_ _ . __ .. e e e e e
/
/ NBTF =« THE AC 1S LEFT CLEARED
/
SYMBOL TARLE
e ADDR __S06 e e - e .
BFCLR 550 ST
CAuNT 567
LAuP 56|
DUPLICATE TAGS '
e NONE L L B e

UNUER INED SYMBOLS
NONE
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N /3YSPUP e= 4 SYSTEM oF SURRAUTINES FOR POPPING THE TaPE
/
/ ALL ENVRIES GIVEN FIRST WITH JUMPS TH CURRESPBNDING SUBRABUTINES
/
’ THE CALLING SEOQUENCE FOR EACH ENTRY IS BESCRIBED JUST REFBRE
/ SUBROUTINE CORRFSPANNDING TO THAT ENTRY.
/
“500 .
/
At KEWIND, 3500 /ENTRY FOR TAPE REWIND
BUt 5214 Jitp BiaNKEU
6u2 0 RECSKP. 3000 ZENTRY FOR SKIPPING RECHBRDS
e BN BZyA . JMP_ MGNSKP
604 v WRITE, 130006 ZENTRY FOR WRITING A RECGRD B h
605 524y JMP BONWHT
606 it READ, 2000 /ENTRY FOR READING A RECHRD
60/ 5:77 IMP HANRL
/
S .
; . e
FREWIND = A ROUTINE FOR REWINDING THE TAPE
/
/ CALLING SEWUENCE JMS | REWP /REWP CONTAINS ADpR, OF REWIND ENTRY
/ (CONTINUE) /CHNTRAL KETURNED HERE
/ -
610 4352 BONREW, JM§ KEADY  /WAIT UNTIL UWNIT 1S READY - -
611 1215 TAD Logo2 /1.8A0 COMMAND CHUDE FOBR REWIND
612 6737 T1EM /  AND START TAPE MOVING
613 4152 JMS READY /WAIT UNTIL REWIND COMPLETED
614 569y JMP 1 REWIND 7 AND THEN RETURN -
645 2 L0002, 1902 e JE -
/
/
/
/RECSKP »= A ROUTINE FOR SKIPPING RECHRDS ON TAPE
/
/__CALLING SEQUENCE  CLL (STL) /FBR SKIPPING FORWARD (BACKWARD)
/ T T 7 gMs [ RSKPP JNSKPR CONTAINS ADDR, 8F RECSKP ENTRY
/ XX XX /N8, AF RECORDS TH SkIP
/ (CONTINUE) /CONTROBL RETURNEDN HWFRE
/
616 4352 BGNSKP, JMS READY ZWA1T UNTIL TAPE UNIT READY
o 8V\7  |€éuz TAD_ 1 RECSKP . .
620 704y ClaA / NEG. OF NO, RECS, Y0 Ski1p” T
621 3za% NCA RCCNT
6Ye 276% 152 RECSAP / REZSSKP N3W CONTAINS RETUR: ADLRESS
/
628 |25k TAD L0530 /LBAD COMMAND CODE FOR SKIPPING
Y-S I £ T S 7 4 S .
62 12487 TAD Mp020 / FOR SXIPPING HACKWARDS o
be6 6737 TIEM / AND START TAPE MAVING
6zl 6732 S<LAOP, TCPI /SK1)° AFTER ®ACH RECERD
680 5227 JMP o=
bel  225% 1S2 RCCNT / Sx1P AFTER LAST REC,
682 52¢7 o SJMP o SkLaoP - .
688 67:4 1587 78T7AIR TAPE MATION
634 SHANRD JMP 1 KRECSKP
645 . nCTCNY, 5000

686 gsi+ L3530, 13530



687 77n:
640 4TH2
641 (IR
... 882 $z/4
648 224
644 eG4
64> 7041
646  S7/%
647 2¢(4
65 jel4
651 6747
8b2 7z0D
6538 €74
654 6714
825 6741
6b6 5255
657 2274
661 2275
661 5gb2
662 6724
668 7700
604 6754
865 7046
666 70Uk
667 770y
670 Héra
YA je/%
672 7402
878 278¢
874 1]
6/5 t
6/6 4444

52

-+ A ROUTINE FOR WRITING A BLOCK OF STBRAGE »S a RECORD BN TAPE

M3020, 7760
N
/
/
/ WR]ITE
/
/ CabLING SEWUENCF
/
/
/
/
BONWKH T JMS READY
TAD I WR]TE
~ LCA WRAD
182 WR]TE
TAD | WRITE
Cla
NCaA WRCMY
182 WRITE
{ -
TAD L2730
TIFM
WRLOGR, CLA
TAD | wWRADy
TSWR
.. _T1SpF. L.
JMP o'l
152 WRADYD
152 WRCNT
JMP WRLOGP
TSST
A _
/
/ 1¢ THE B 8. T,
/
CLA
TSRS
—— RTL
wTL
SMA CLA
JMP 1 KRITE
rAf) L4444
HLT
L2730, 2730
wWIADL, 50Q0
wRCNT, 2000
L4444, 4444
/
/
i
/
/ READ == A KAUTINE FOR
/
/  CrLLING SENUENCE
/
/
;
/
/  EhrUGF STUPS et
/

JMS | WRITEP /WRITEP CONYAINS LAC OF WRITF ENTRY
XXXX. ZADDR, oF ST LAC. HF BLOCK T8 WRITE

XX XX /NA. BF WHRLS TO WRITE
(CAONT INUE) /CANTRAL RETURNMED HERE

/ADNK, IF ST LOC IN BLACK

/NEG. OF N@, WORDS

/RETURN ADDR, LEFT IN WRITE
“/L8AD CAMMAND CODE FBR WRITING
/ AND START TAPE MOVING

/PICK UP A WBRD

/ AND WRITE IT
/ SKIP WHEN REALY FOR NEXT WORD

/ COMPUTE ADDR, BF NEXT wORD
/ Sx1P IF LAST WORD HAS BEEN WRITTEN

/STAP THE TAPE

"AFTER WRITING THe KECARD THE PRAGRAM CHECKS FOR THE END OF TAPE

HAS REEN ENCOUNTERED, PROG. STOPS WITH 4444 IN AC

/TAPE STATUS REGISTER [NTB AC(0=5)
/END MF TAPE N
/ dIT INTO AC(Q)
/SK1P IF END BF TAPE
/ MIHERWISE RETURN

heaDING A RECORD FROM TAPE INTO A BLOCK 8F STORAGE

JMS 1 RFADP /READP CHUNTAINS ADDR,

tF READ ENTRY

AXXX /ADDR OF ST Luc TO READ INTO
XXxX /NG, OF wARDS IN RECORD L
(CANTInUE) /CAONTROL RETURNFED HWERE

IN AC MEANS INITIAL ADDR. TOf HIGH $OR RECMRD TO
FIT WITHBUT GVERFLAWING THE TAP OF CORE,
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/ THE RIM LOBADER wAS PROHBAKLY DESTRAYED
i 2222 IN AC MEANS PARITY ERROR o
/ 7777 1IN AC MEANS SIZE ERRAR
/
677 afny  BGNRL, JMS nEADY
700 |é0A TAD 1 READ
701 33Ha LCA RDADU /ADNK OF ST LOBC. T@® READ INTO
Mg zeue 182 . READ I
708 L£A 1AD t KEAD
704 Tpa. CMA
705 31y LUCA #DCNT /CaMP, UF NO, WORDS IN RECORD
706 2zuk 182 READ /RETURN ANDR., NOW [N READ
/
o A0 1385 . _ 1AD L2570  /LAAD CGMMAND COUE FOR READING -
71 6757 TIFM /  AnND START TAPE MBVING,
Tit 6721 TSDF /SK1i* WHEM READY 16 READ FIRST WHRD
712 524 JMP |
1V8  Sizy JMP KDWERD
/
714 672y RDLBEP, TSSR _ ~  /SKIP ON _NEW WORD OR END OF RECORD
715 514 JMP =
716 67¢1 TSOF / SK1P IF IT IS NEW WERD
717 B3s2 JMP ENDREC
720 6715 KDWOkD, TSRD /READ A WBRD )
721 23b 152 KNDENT / SKIP IF N9 MORE WORDS WERE EFXPECTED
722 5led . JMP_ .2 /4  (lE, REC. ON TAPE IS T®A RIG) _  _
728 5143 JMP S7ERK
724 3750 bCa 1} HDADD / OTHERWISE STORE THE WHRD
725 235y 152 KNADD / AND COMPUTE ADDR. FOBR NEXT ONE
726 5344 JMP KDLOGP
727 673} TiFMmg /EMERGENCY STOP (107T+07041) == IF CONTREL
780 {246 TAD __ LJbil ¢/  KEACHES THIS POINT THE RECORD HAS
731 7402 WLT / GVERFLOWED THROUGH TEP 6fF CARE
/
782 6734 ENDREC, TSRS /END O8F RECORD HAS BEEN DETECTED,
735 7%ny SMA / SKIP 8N PARITY ERRGOR
784  534n JMP SZCHK / UTHERWISE CHECK FOR SIZE ERROR
785  Tzih LA e
786 1147 TAD L2222
187 7402 HLT
743 2355 S2CHK, 1SZ KOCNT /1F N9 SKIP HERE THEN PRHGRAM EXPECTS MBRE WORDS’
741 5243 JMP 3ZERR / (€., THE RECORD ON TAPF WAS T8O SHART)
742 5604 JMP 1 READ
748 Jg4n  SZERR, cLA CMA S e _ B,
744 7402 HLT
745 28577 L2570, 2570 /COMMAND CARE FHOR READING
746ttt LA is a
747  2z22 L2222, p222
150 ¢ RDADD, 4000
-1 o nDCNT, 2000 ) - o
/
/
7REAUY =« A RBUTINE TO WATT UNTLIL TAPE UNIT S READY
/
/ THE AC IS CLEARED BEFRRF RETURNING T8 CALLING ROUTINMF
/
. 7oz vOREADY, 2000
7558 77 BELIN, (LA
/H4 6754 L30R, TSRS /TAPE STATUS REGISTER INTA AC((=%)
T T R T /  TRANSPERT IS READY BIT INTH AC(D)



/96
57
/64

774
5154
5757

/

SYMBOL TakLE

SMA C

_dMP

JUMP

BrGIN 793
L BGNEL 677
BWREIvHLW 619
BGINSKP LYK
BGINWKT 6541
ENDREC 732
Louvue ALS
L0580 XL
Lt 746
1.2222 747
L2570 74%
L2730 673
L4444 670
. Lgor 754 __ _ .
mou29 637
RCUNT 635
RDALU 750
ROCNY 751
ROLOBP 714
ROWORD 720
READ 6N6
READY 752
RECSKP 602
KEWIND 600
SKLUOP 627
SZEHK 240
SZEKR 743
WRALD 674
WRCHT 675
WRITE 604
WRLOOP 652
TP T CATE T TRGS T
NONE
UNDEF INEL, SYMBOLS

NOLE

LA

L10P
1 KEADY

54

/SKIP IF TRAWSPORT IS READY
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LAFLIC == A FLICKER BOX ARD PLOITING PROGRAM

/
/  ASSUMES ALERTS ARE NBT.A H 8R NBT,A B C
/ /
/ THIS PRUGRAM IS CaLLED ANLY ONCE PER EVENT IN 6PTIONS 3 OR ABOVE, /
/ Bl S BFTEN AS FAOSSIRLE IN ALL OTHER OPTIGNS. /
et o I L DU B
/7 GPTIeN U DOES NOTHING (RETURNS) o
/ t  DISPLAY B+C WITH 2000(8) F.S,
/ 2 DISPLAY B+C+D wi1TH 2q00(8) F.S,
/ uerT1eN 3 FLICKFRS 20 VS. (C+D)/2 WITH 2000¢(8) DOYS FULL SCALE
/ THRAw BUT WITHOUT FLICKERING IF ANY AVERFLAW FLAGS 6N OR
— . MF_FLab2 = p oW 1F 2C LEG., Q24 OR IF (CceD)/2 ,EG, (i24
/ OR IF FLAG4=) (PILE=UP FLAG IS ON)
/ 4 FLICKER 2R VS, (B+C) WITH 2000(8) DATS F,S.
/ THRAW BUT IF ANY OVERFLOWS
/ IF RC = 0
/ IF RCH = )
—ire o .. 1F 2B .GE, eQ00¢8&) —
/ IF (B+C) GE, 2000(8)
/ ALSO THREW THE EVENT OUT IF FLAG4 B 1 (PILE UP FLAG ON)
/
/ ) ) o
/ NBTE SPTIBNS 5 AND ABOVE ARE 6N THE
T4 PAGE BEGINNING AT LOC. 1600,
/
/. -
/ 5 FLICKEK 2(B+C) VS, (B+C+D)/2
/ THHBW 6UT IF ANY GVERFLOWS e e
/ IF BCD = ¢
{ _ _._.1F 2¢B+CYy ,FG 2000
/ IF (B8+C+D)Yrs2 +EG., 2000
/ ALSO THROW THE EVENT OUT IF FLAG4 = | (PILE UP FLAG ON)
/ 6 FRED BERTRAND TIME=AF=FLIGHT #PTION ) -
/ 7 URAWS A BOX AROUND THE DISPLAY AREA FBR SCOPE CAL1BRAYION
/
— / e . .
‘
DBUFP=20
BMARKP=4Z h
FLAGZS=sL 2000
DSPEC=2)
e ESPECEZR
INTPLT=46 T
T=47
TTh=%)
B=52
ETRs%a
—— k=SS e — R
CTR=57 - B 7 Torm T T o T T T
D=60
LTRzb2
RETURNSRANQ
*1403)
J140C¢ _ w FLIC, n
141 7644 LAS - .
140y 247 AND L0007
1498 244k TAD L5206  /%2n6 1S RUST NONRELOGCATARLE BCTAL FOR UMP .+3
1454 3z.% LCA ot



j4v>o & thl
j46h 56 Jip
147 w0 JMp
j4tL 5zed JMP
1411 bzsl JMP
1412 L3047 FLIx
1418 46+ JMS 1
CjAi4 4647 JMS 1
141D  4défpi JMs 1
/
1416 1FGU BP9P, 1600
1417  1F1 2 026P, 1602
|42  1€c4  QRTP, 1614
/
1421 72c0 BRI, CLA
1422 g2l TAD
1428 4444 NLET
)424  S€0y JMP 1
/

1422 72p0 BP2, . LLA R
|426  |n2? TAD
1427 4446 JMS 1
1430 5équy NLE |

/
14381 7zun  6P3, CLA
1482 020 ... . JAD.
143838 14?2 TAD
1434 332 DCA
1435 4702 TAD 1
1436 RN AND
1487 7% SPa
[940  S€Ly N JMP 1
1441 23y? 1S2
1442 {702 TAD 1
1448 7024 RAL
|444 759y SMA
1445 560y JMP ]
1446 _2euy CLA
1447 2147 182
1490 702 TAD 1
1451 ue AND
1452 7440 S2A
1458 560y JMp 1
1824 74?2 TJAD 1

149 72144 CLL KAL
146 6063 nyYL
1457  7z4n Cl.A
a6l | 3u2 TAD
1461 720U 1AC

O 1. X - ¥ R RU nea
1468 703 TAD 1
1464 KIS AND
140> 744y S7A
J4e6  BE Jup 1
140/ 172 1A 1

L1470 e Tap 1
1471 YARERS GLL RAR
147¢ 32u NCA
EYATRIK] fap
1474 a4 aMD
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FLIC
JP
ap2
VI
gr 4
upLP
uP6P
He7e

DSPEC
INTPLT
bLIC

INTPIT
FLIC

DRUFP

BMARKP

TEMP |
1EMP |
L1000

JFele

TEMP
[EMP |

FLIC

CTEMPT

TEMP |
¢500¢C

FLIC

TEMP)

TEMP I

IEHPR
TEMP2
L4000

FLiC
| EMP |
TEMPR

TEMP?
TEMPY
L&0NO

/JIMP 66,607 ,0000615
/N0 (RETURN)

/1

/2

’3

/4

/PPTIANS & AND ABOVE ARE TO KE FOUND
/ MmN THE PAGE BEGINNING WITH
/ LICATION 1600

/60 T8 INTEGRATING
/PLAT FOR DELTA & PLOT

/68 10 INTEGRATING

" ESPEC

/PLAT FOAR TOTAL ENERGY
/PLATY

/ e+ 2C VS, (C+D)/2

/PICK JUP THE A=SIGNAL
/SIEVE FLAG4 ONLY

/1F FLAG4 ]S ON (PILE UP)

/1F FLAG4 NAT ON (NGO PILE UP)
/ PICK UP FLAG2

/ RETURN IF FLAGZ OFF

/ PICKS UP C
/CHECK FAR HVERFLAW OR IF 2C ,GE, 1024

/RETURN IF OVERFLOW OR IF 2C .GF, 1024

./ PICK VB _C AGAIN
/ MULTIPLY RY 2

T/ PICK UP D

/ RETURN IF HSVERFLOW
/ PICK UP C

/. ADL D

/

DIVIDE SUM (Cel) HY 2

/CHFCK IF (C+N)/2 JGE, 1024
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1479 7145 S A

ja/6  bég JHP1 O FLle JRETURN IF (C+D)/? LGE, 1024
1477 123 TAY [ Y]

10U 6657 XS

1201 5650 Jue ot

(R 1A O TIMPY, ~ano

1508 it TEMPZ, 0

154 _ 9050 L3000, 5300
150%  4Cit L4003, 4330

)96 ins L1000, 1000

/
1507 iGs?  4P4, rap 1 / *** 2R VS, (B+()
(-RRE 2hy AND S1EVE
S - X N Y £ L - -4 W , S e .
1512 560 RETURN /PYLSER OR PILEUP ACCORDING 1O SIEVE
1518 1052 TAD 2]
1214 784 SPA
151 5€46 HETURN /R DVERFLO
1516 714 CLL KAL
B IBAL L SPA
1b2L  bSéuy RETURN /FLAG? & |
1521 7nu4 HAL
1522 7€ 5PA
§523% 5€uy KETUKN /28 UVERFLO
1524  7C10 HAR
1525 6063 - nyYe L. {28 10 Y AXIS
1526  7zy0 CLA
1527 1055 TAD L )
1530 7S¢ SPA
1531 5600 RETURN /C AVERFLA .
1982 70ué RTL
1533 7421 B 1
1534 5€00 RETURN /FLAG] = 0
153% 7112 cLi. RTIR /TRIMS FLAGH
1536 lgv2 TAD <]
1537 6053 DXL /(8+C) TH X AX]S
194( 44 AND .6000
1541 7450 o 8Na __ __#SKIP IF (B*C) .GV, 777
1542 6pb54 DI
1548 5&NQ KETURN
/
/ OPTIULS w5 ANU ABOYE: ARE ¢oN PAGE BEGINNING AT 1600
/
— 1248 6008 L6000, 6000
1545 2n0n L2unp, 2600
1546 bHzyr (5206, 5206
1547 7 L0007, 7
1550 g POINT, 0
1551 gy SIEVE, 1000
e MPDe 0 TEMP, 0 I .
1553 V777 L1777, 1777
SYLbBOL TaBLE
t 52
BMARKP 42
o BT - B .
C 55
CTh 57
L 6

DuiEP (Y]



USFEL 2\

) DT 62
ESHEL 22
FLALZS ]
tLIC 14117
INTRPLT 4%

LoGu?7 1547
Liouo 1506
LVZs7 1553
L2000 1545
L0y |50%
Lonon 1504
t 52L6 1546
e bBGUY 1544
6P 1421
uPe 1425
nes 14314
nePa 1507
nP5P 1416
____oP6P_ 1417
oP7pP 1420
PAINT 1552
RETUKN 5600
SItvt 155 ]
Y 47
e _IEHE ___18B%2
TEMFP | 1502
TEMPZ 1503
TTR Y
DUPLICATE TAGS
D 11 1 -

UNLEF INEL SYMBOLS
MANE




C/_BPTTENS Hab,7 tHR FLIC

/
T=47
[Thsb,
=5
BTR=54
_ I ; €=55
CTR=Y7
V=60
NTR=6p
PLBTP=S7?
/
. . __.tleng -
/
F6G0 8PS, 50040
161 5206 JMP UGNOPS
jere UP6, n0gu
1663 Bz94 JMP HONHP &
1604 n__eP7, __gQoo .
1605 B¢ JMP LHGNOP 7
P
/
1646 1047 BGNOAPS, TAD T
j607 LTV AND SIEVE
. _\6lu 7ean _ SZa LLA
1611 5321 JMP KETHRN
1612 (052 TAD b
1618 7%10 SPa
1614 BI24 JMP RETUKN
1615 7106 cLL RTL
{616 74240 SN,
1617 5321 JMP
1620 7112 CLL RTR
162t 3251 LCA TEMP
1622 1055 TAD [§
1623 78§ SPa
1624 5221 MR RETURN
1625 252 AHD L1777
1626 1251 TAD TEHP
1627 7106k Ll RTL
1630 7€ SPa
16st 532} JMP RETIIRN
1682 7002 . . KRR
1608 6063 TN
1654 AR AR
160  $zH) uCa TENP
1636 16D TAD 1]
16387 7510 SPa
b4t B2er CWME RETURM
1641|2591 TAL TEMP
1642 7110 GLL kAR
1645 6053 X1,
j644 PRI aM LA0GS
164 7450 SMA
164b  Afod niy
6o 3.1 JM# RETHRMN
/
1 6bh I STEVE, 16p0
1651 v TENP, ~npd

T KETURN /RETURN (FLAGZ = ()

T /2(R¥C)Y TATY AXIST

59

/e 2(B+«C) VS, (B+C+D)/2

/RETURN (PULSER BR PILEUP ACCARDING T® STEVE)

/RETURN (B OVERFLO)

/TRIMS FLAG?
/SAvVE B

/RETURN (C GVERFLB)

/C TREMMED o e e

/RETURN (2(B+C) BVERFLO)

/SAVE (B+C)

/RETURN (N BVERFLE)

FReC+I /2 T X AX]S

/SKH) 13 (H*C*D) «GYTs 17727
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f6b2 1777 w1777, 1777
Iobs 606l L6003, s0Q0 I
/
/
J654 7200 BANOPAS CLA /1F FLAGH AND FLAGZ aRE (0 THEN FLICKER 4T VS, 2B
teh> | nn? TAD H
jobe 7044 kAL
__1697  75,¢ - 5P JTEST bLAGZ  C(8CL)Y o )
1661 Blgy JHpP KETHKMN
f6nl 7zt Cla
J662 [ NbS% 1AL ¢
j668 7004 HAL
J6od /s | SFa /TEST tLAGE (HCD)
1665 532) _ JMP . BETURN I ) . .
1666 7300 Cia CLL
1667 1047 TAD T /PICK UP T
1670 7510 SPa
1671 S¢l JMP HKETURN
1672 aes AND L0377
_ 1675 7006 S L
1674 060063 nYL
1675 7301 Cla CLL
1676 1092 TAD B
1677 7511 5P 4 )
1700 5321 JMp RETURN
1701 06 _AND L0777 e e e
1702 7004 iKAL
1703 6057 UXs )
1704 532 UMP HETURN
1705 377 L0377, o477 -
1706 777 L0777, 0777
1707 53\ . JMP_ KETURN B e e
1710 72640 BGNOP7, CLA CMA /MAKES A ,,,BUXss, FOR ADJUSTING SCOPE
1711 6054 DX /ZINTENSIFIES THE BOX, ASSUMES |ONG DSB
1712 6053 L1X4
1718 o063 nyy,
17214 J20¢ CLA
171 6053 12 -
1716 60063 DY,
1717 53¢y JMP RETURN
1720 5321 Jnp KETUKN )
/
1721 7z2ug  RETURN, CLA
1722 497 AR L PLOYR - - S
{728 3225 LCA RTNP T T
j 724  H7¢5 JHP 1 HTHP
}72% 0 RTNE, rrpo
SYMHOL TARLE
B B2 L o e L - .
BGLOPD 16liA
BGl OP6 1654
BGLUP7 L7150
BTk 54
C <]
Clw i 57 _ I
L 3]
DTk 6?
Lud’7 1704
Lozzy 1706




. RINE

L7277
SLedug

“pPL

prP6H

ar7

PLUTH

RETUKN

sltvk
T
TELE
TTh

DUFLICATE

UNENE
UNDEF INEE
NANE

o 37e5.

1652

169

1600
I602
1604

$7
721
thbU

47
165

51
TAGS

SYMBOLS

61
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/7 ANTIRRLEZF SUBKOUT | Hy:
’

i 7356

/
| 7468 Ténn ANTFR7 2 SHA CLA /SKTIP LF MEW DATA HAS ARKIVED
17387 Y344 JMp WwalT
1744 1260 YADL liq
1741 82eb BGa COUNT
1742 Sk iina ROLLO
1748 5762 JMP 1 DATAP
j /a4 Zdeé  WALT, 154 kaLLO
1765 5Hen7 JMP CHECK
. 1746 23ub R Y4 COUNT . , .-
j797  bHle? JHP CHLCK
1750 |36 TAD M4
1791 J2ek LHCA COUNT
1702 32wk NeA HaLLY
1758 30} THD BELL
—_L794__6n4r SIS . ) . e
1755 5354 JHP |
1756 6046 TLS
1797 HS7¢4 JHP 1 RESTKP
/
1760 7774 M4, -4

761 207 BELL, 5207 . . e e et e e
176¢ 7%  DATaAP, 3375
1768 76 PLOTP, 0376
1764 377 RESTRP. 377

| 765 g COUNT, n
1766 g kOLLG, ¢
/ —
1767 7604 CHECK, LAS 7 7 T/FeR BFT ,GE. 3 GA BACK THRU LOBF W70 PLETTING
1770 277 AND L0007
V771 1376 TAD ngoge / FOR OPTIONS 0s)02 PLOT BEFORE RETURNING TO
1772 75%n SPa SNA /  Le0p ,
1778 5763 JMP 1 PLOTPE
1774 __5175 e dMP 1 LOUPP e _ R,

1775 374 ["6PF, 0374
|776 7776 MuQn2, 7776

1777 7 L0007, 1007
SYMEBL TARLFE
_.__ANTFRZ 174k . - . _ . . .
bELL 1761
CHECRK 1767
CAOUNT 1765
DATAP 1762
Luou? 1777
LHbFE 47275
MUGUE 1774
M4 1761
PLOTH 1763
RESTEP 1764
RALLU 1706
CWALT 1744

DUFLICATE TAGS
AN




UNLEF INEL SYMBOLS
L

63
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ASPECdn SPECTRUM ACCUMILATING ROUTIHES
ZThIS VERSTHEN STURES NERIVATIVES AF H+C AND wp+C+D
-/ THE HUFFERS ARE 2001 (RY LAKDS LAKG

B+ WUFFER HAS 2 CHAR/ZWARD CINCREMENTED [F Fie| aND +2x0,

/
/ 1.E. IF PARTICLE STOPPED IN C)

/ Heus BUFFER HAS 2 ChaN/»8KD (INMUREMENTED IF F2e, 1.E. IF PaARTICLE
;
/

) CSTAPPED IN 1)
THERE (S NO ACCHMULATIEN TH OVERFLUOWS

/
*20017
DSPEC=YZ | NELTA K
ESPEC=Z?D FTOTAL ENEKGY
. NEATHI=44 | - -
NEXTLAZ3Y
T=47
TTR=%|
H=52
BTR=b4
S _L355 e I e - R
CTR=H»7
D=ol
DTR=62
RETURNZ=SA0Q
2004 U SREC, ng
2001 1047 TAD L 5
20n? 274 AND STEVE
2003 764y 524 CLA
2004 5600 KETURN /PULSER OR PILEUP
2005 {052 TAD H
2006 784 SHA
. eUU7 560y __ . .__ REJURN_ __ /R BVERFL®
2010 71n4 CLL RAL
2001 7740 SP4 CLA
2012 Dzsh JME F20ONE
2018 1095 F2LFKA. TAD G
2016  /pi4 HAL
B3R BB A SpA CLa e e I ; . _
2016 bzya JMP ' *h
2017 yp47 TAD 1
2020 7nc4 Al
2021 7700 SHA CLA
20é?2 9eéeuy EEY URN
_ _ROZS__ Desh NP P20NE .
2U24 {nhs TAD G /eee* e INCREMENT HeC -
2Ueb 784 SPa
2026 Seéru nETUKRN /0 MVERFLY
2027 276 AND LWi777
2080 1052 aD 2]
_oo20st 7y CLL KAR
20482 10 TADL DEREL
28y d4z64 JHS ADI
2Ud4  wéun RETURN
20399  |i9% F2ONE,  TAD ® /2ot o [NCREMENT B+Cel)
2086 T7Ey SPa
QLo by HETURN /0 MVERFLEA
20« PR aMD .1 277
204 3777 A TEMP
euéy e TAD i
2048 /5. WA
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2044 Heyy FRETURN /D AVERFLA
. 244 1277 TAL, 1TFRP
cude 52 /7 WA TEMP /SAVE (C+D) TEIMMED
2047 Irbhp TAL u
2050 27k Al L 777
2051 1277 ral TEMP
20%2 71 CLi. KRaR
- 2U%8 8277 LG A TEMP
20b4 (/7 1AL LEMP
2% VA atlh Lagny
2ilbo  JEan S/ A CLA
FRIFY Y S HETURN FEaleN DVEREL Uw
ziay 1277 rAL) TEMP
~ 0ot ige2r CTAD LSPEC
2062 4zcad Jhs ADD | T
20608 beLu RETURN
/
2064 I AN, KR
265 $xap NCA TEMP? /PUT AWAY THE CHANNEL NO, (WD.)
._._._2B66 424y JMS _ INCR . /ADD ) TO WD, .
2067 ? ang? /7 p0oe TELLS INCREMENY ROUTINE Y® A0D j,
207¢  2¥yn IS4 TEMPY /Wp=wh+|
2071 42401 Jns INCR /SUBTRACT | FROBM WD+ |
2072 7776 7776 /7776 TELLS INCREMENT ROUTINE TH SURTRACT |
2073 Dbéesd JHE 1 ADDI
_ [ . e e e e e e e e e
2u74 ICu SIEVE, LG
2075 ego0 L6UBO, 6000
2076 1777 L1777, 1777
2077 o TENP, 3000
2100 y TEMPZ, [
/
/CHANNEL TNCREMENTING REUTINE T T T
/
/  LBC. (TEMP2) SHOULD CONTAIN ADDR, OF CHANNEL T8 B INCREMENTED.
/
/ CALLIKNG SEQUENCES
/
T /T T T OFOR ADUTRNG ) TO CHANNEL L eee. JMST INCR T
/ 0pg2
/
/ (REYURN)
7
. Y 4 FOR SUBTRACTING | secso JMS INCR
/ T N & & 7 S . T o
/ (RETURN)
/
2141 4 INCR, opLeo
2102 7zun CLA
S22y TAL 1 _LNCR
2tu4 3207 1l LLINCK /ngne t7776) FOR ADDING (SUBTRACTING) .
2 22 157 INCR /SET UR RETURN ADDRFSS
216 4750 T Y TEMPY
217 Tien Ll FAR JHVERFLAW BIT IhTA LINK
2y 743 524, SSKIP JF NAT ALREADY AN OVERFLAW CHANNEL
2111 5244 JH FREVOV )
2012 70 4 w AL R ' B
2113 1307 T A LINCh /A PUS., OVERILOW ( 3776 P 002 = 4000 ) wWILL
¢ LEAVE THE LINK = D) BUT A NEG, BVERFLOW
/4002 P 7776 = 4000 » WILL SET LINK = 4,



2114
el
grie
FARWG

2120
21
2102
2129
21e4
21e>
2let
2le’
Y

PIRY
2132
21848
2144
218y
2136
PERY]
214y
2141
2142

2148

2144
2145
2146
2147/

2 Y- 11

2151

2ibv?

2158

21h4

215D
A -1
157
2160
2inl
2162
AR
2in4
2oy
2leé

2167
217U
271
2172
2178
2174

ST
P70
27

744

b7
170
374
744
b7,
gqss
74,
/104
34.54

1ra®
7104
7709
374
1084
12/
IS4
10$5
1271
dpas

5721

$372
70«0
1372
3373
1307
7500
5157
7¢40
1773
372/%

TARGE
V777
3772
lde.
57,1
2773
700
b7

3747
?
!v
I
95;5

P

PREVOV,

13e7

TINCRLA S

/
LINCK,
L3777,
LQadnz,
ADLRLA,
ADDRKT
LaQdCy,

ula 1 TEMP?

Tah 1 TRLPZ

AN L4777

SZa

JHP 1 INCR

TAD 1 YEHP'{

aNp L.400n

HHA

JHP 1 IMCR

DA 1T NEXTLH

S/L

MA

PCa 1 HEXTHI

TAD HEXTLO

CLL RAL

140

HCa 1 TEMPZ

TAL_ _ _NEXTH]

TAD LOu0eE

[ ey MEXTHI

TAD NEXTLH

TAD 10602

NCa MEXTL O
_aMP_ L INCR

vt A ANDRLO

UMA

TAD ADLRLO

DCA ADDRKI
AL _LINCR

SMA

JMp INCRLH

Cl.a UMA

TALD 1 ADDRHI

LCA 1 ADLRKI

TAD . _LINCK |

cLi

TAD 1| ADDRLMG

DA 1 wDLRLY

SNL, ’

JHp 1 INCR
ISZ 1 KDLRHI

0Pk

JHP 1 INCR

Lo

8777

g2

copd

~0pu

4004

SYBOL TARLF

ADL |
ADLFH]
ADLRLH

2]
BTl

L64
AN
Lrl?
LY
54

66

/SKIP LF CHAM=4000 (FOR EVERFLOW 6K UNDERFLOW)
/AR LF CHANRONDD

/SKTE 1 CHAM WAS 4000
/ RLTURN JF CHAN wWAS 000D

FSKIF AF BVERFLUW WAS A PAS. AVERFLOW
/ IF AVERFLOW WAS NEGATIVE

/FBR PUS.INREG.) OVERKFLOW STOKF gopQ (7777) IN
/ HI-BRDER WORD 6F NEXT BVERFLOW CHANNEL

/SET AUDR, OF NEW OVERFLOW CHANNEL (LA=ORDER)
/ AND BVERFLOW MARKER TN 6LU CHANNEL

/  LOCATIEN,

ZADVANCE THE OVERFLOW CHANNEL MARKERS _

/ADNK, OF LO=ORDER WBRD OF OVERFLOW CHANNEL

/  ApDK. AF HI-ORDER WORD
(PICK UP INCREMENT (0002 OR 7776)

/SKIP IF 1T 1S NEG

FSKIP 1F THERE WAS A CaRkY T® H1«0ORDER WORD,

/  INCHEMENT HIGH ORDER wARD




C 55
IR A 1 _57
b 64
DSKEG 21
DTh 62
ESPEC 22
FAONE 2035
e F2LERO__ 20)3_
[HGR 2100
INCk,8 2157
Luneg 2171
Liviv 2076
LS777 2171
S .31 . S 1
Léuup €075
LILCR 2167
NEXTHI 34
NEXTLH 35
PREVAV 2144
RETURN 5600
SIEVE 2074
SPEL 2000
T 47
TEMP 2077
TENP2 2400
1Tk 51

DUFLTCATE TAGS

NONE

UNDEFINED SYMAOLS

NONE

67




68

B _ /7 INTEARATING PLAT KOOLTINE ) ) _
h ) / TTASGUMFS NERIVATIVF AaF SPECTRUM IS STORED AND ORIGIN )
/ b SPECTKUM + | IS PASSED ALONG AS AN ARGUMENT N THE
/ ADCUMUL AT Ar,
/ IT PLOTS FROM EFT T8 RIGHT INTEGRATING AS 17 GOES
/
e e STALED=AY o i
- “‘OU - -
2200 0 INTPLT, OO0
2201 sl Tab CauNT /PICK UP CaUNT AND ADD TO ARGUMENT TO
2202 3764 LG A ANDR / GET ADDR, HF WARD TO BE INTEGRATED
2203 kA4 TAD I ADOR /PERFOKM INTEGRATIOGN IN 2BLE PRECISION
2204 Tii GCLL HAR /OVERFLOW BIT TO LINK I
T 2208 a8y TSN T T T T T SKIP T NGY AN OVERTLOW CHANNEL T
2206 5zbH2 JHp OVRFLU
2207 7004 RAL
221U 751y sMa
2211 5Z16 JMP 0K
— 2212 Jzsy G CMA
2218  27u TAD SUMH
2214  3z/v DEA SUMH
2215 |fo4 TAD I ADDLR
2216 7190 0K, cLL
2217 |Z07 TAD SUML
2220 Jzey . DCa __ _SuMmt e —
2221 (Vi-X TAD S ML
2222 742\ MO,
2223 1z70 TAD SUMH
2224 743y sy,
2225 7001 1AL
2226 3z71n A BUMK
2227 7501 MU A
2280 )27? TAR b2
2231  7¢é5p SNA CLA /SKIP UNLESS SUML WAS 7777 (l.E, =|)
2232 5234 JMP LOBADY
22338 |e70 TAl SUMH
.. 2284 4.3 . SHY e e e
2235 16 L) /THIS SCALTING CONSTANT CTAN BE ALTERED BY COMAND
2236 6p63  LAADY, LYy, /LMD Y
2237  7zan CLA
224L | Z63 TAD GAUNT
2241 6057 DXs /L8AD X AND PLOT
. e2R82 700V LA B el e
2249 eh6 AND L1777
2244  Jd4qn S2ZA
2249 5zbuy JHp e
2246 3767 DCA YUML
2247 3z70 DCA SUMH
o _....B25%L _$Zr3 S hCA. o GBUNT R -
2221 HeLn JMP 1 INTPLT
/
22%¢  $764  OVRFLA, UCA ANDR /ADNK, OF LO=tRUER WORD OF BVERFLOW CHANNEL
2243 )nan CMA
22%4 | z64 TAD nNDR
.. e#bb S/ hea ADURHI _/H1=tRUER WORD -
2256 (€7 Tali U ADDRHI
2297 17t TAaD SUMH /ADD HI=~0ORDER PARY OF OVERFLAW CHAN, TO SUMH
226 $2/n LA DUMH

2201 |énra TAD 1 ADDR




e DUPLTEATE T TAGS

2262 bzlA
¢
2209 GuNT,
22¢4 v ADDR,
2269 7777  Mis
2266 172727 Li777,
e’u’ B SJUML ,
YA 1 SJMH,
227 N ADLUKHIT,
227¢ P2,
SYHBOL TakLE
ADVK 2004
L ADURHT 2271
CHUNT 2263
INTPLT 2200
L1777 2264
LNALY FERL
M 2265
oK 22]6
BVKELO 22%2
P2 2272

SCALEO 43
SUMKH ¢

surb 2267
NINE

UNDEF INEL SYMROLS

NOWE

JHp
]
7777
1727
n

1ngu

tiK

69




| 70

7 MINGTES, 17 SESONDS. 149%  LINES,
—END 3B AAl,
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